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Running title

Pore Forming Activity of Pardaxins.

The abbreviations used are: PMC, Pardachirus marmoratus Hoses sole secretion
after desalting on Sephadex G-25; PX, pardaxin derived from Sepnadex'G;too
chroéatcgraphy; PXI, II, pardaxin I, II1, derived from HPLC; PTH; phenylthio-
hydantoin derivative; SDS, sodiua dodecyl sulphate; 0SS, disuccinimidyl

suberate: kD, kilodaltoni; CU5O,‘cy:otox1c unit 50%.
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Summar

new column chromatography proéedure, based on ion exchange, chromato-
focusing and reverse phase HPLC was employed to isolate the two main

proteaceous, toxlec, cytolytic, pore forming factors from the secretlon of the

Red Sea Moses sole Pardéchirus parmoratus. Pardaxin I, comprising 10% of the
glandvsecre:;on proteins, was shown to be 5;10 times more toxlic, eyvtolytic anq'
active iIn memb:ane pore formation that parcaxin II (8% of gland secretion
proteins). Gel—glectrophoresis. amino acid analysis Aﬁd N-terminal amino acid‘
seguence reveals a high degree of homogeneity and resemblance between the two
toxins., They are rich ln‘aspartic.‘serlne, glycine, alanine, and devoid of
arginine, t?rosine, and tryptophan. Their l-teruinal was found to be NHELGIy-
Phe~Phe, Their hycrophobicity ls evicent from the cnromatographic béhavior on a
hydrophobic resin, presence of nine successive hydrophodbic residues on the
HﬁgL;erminal and a decrease in drop size during elution of active fractidns
during chro:ato;rapsic purification. The minimal molecular weight of Pardaxin I
{s about 3500 as determined by $SDS gel electrophoresis and azmino acld analyses.
It {8 composed of 35 amino acids and is free of cartohydrate and siglic acld
residues, Mass spectrometry of the ethyl acetate éxtract of the glana secre~
tlon and purified toxin reveals the presence of sterols in the Qecretion but
thelr absence in the purified toxins. |

-

Parcaxin I was iodinated without aflecting its cnemical and pore forming

p.":)'ae.‘":iza}I It binds Lo liposomes ¢f #4i{fferent phescnolipid compositlons, In
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By means of some 200 glands located_along its dorﬁal and anal fins, the
Red Sea Moses sole exudes a secretion into its environment. This secretion is
toxic to fish and repels sharks (1,2). The secretion contains several high and
low molecular weight. components of biological interest. Uslng'gel'permeanion
column ;hromatography. the higher molecular weight prcteins were fractionated
into several fractions, fhe main toxic component was named pard#xin (3,u).'This
toxin was characterized as a single, helical, monomeric.'acidic protein with
four disulfide bridgés and a molecular weight of about 13,000 daltons (4,5).
Diverse pathélogical and pharmacological effects, induced by the fish toxie
secretion or pardaxin were iﬁ a range oé 10‘9 M- io‘s M (as reyiewed 15 Table

I). These effects seem to be assoclated with a perturbation of membrane func-

tion and a change in permeability. Using planar artificial membranes (6) and

liposomes (7) formation of pores by the Moses sole secretion was reported. We

have been interested in the mechanism of pardaxin induced pores in the hope
tnét the toxin could provide a well characterized model ror-the'interaction of
cy:o;oxic polypeptides with biological and artificial membranes; Recently, it
was shown that the secretion of the Pardaéhirus sole in addition to toxic
proteinsA(BS) contains also toxic and hemolytic steroid aminoglycosides with
shark repellent activity (8), thus requiring a reevaluation of the structure-
fﬁnc;i:w relationships ¢f the fish secretion components and of the homogeneity
of pérdaxin {solated by gel permeation (3,4). 1In the present study we present
a new procedure for purillcation of ihe proteous, cytstoxie, pore lnducing
factors, from the Moses'sole seére:ion, {ree of sterol components. It was
shewn that the hydresnodic proteous toxin binds t¢ and perrmeabilizes liposﬁnes.
These properties of pardaxins suggest they may be of potential value as prodes

in membrane research.
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Materials

Gels for column chromatography, Sephadele-10, 0—25; G-75 and G-100,
QAE-Sephadex A-25, Phenyl Sepﬁarose CL 4B, Sepharose CL-4B, PBE-94, polybuffer
74, and low molecular weight calibrationvkit were purchased from Pharmacia,
Uppsala, Sweden. Ovalbumin, bovine albumin rraccioﬁ V, soybean lecithin,
sodium cholate, gramicidin'D and Dowex 50 x 8 {50-100 mesh) were
obtained from Sigma Chemical Co., St. Louis' MO, USA. 3,3'-diethylthiodi-
carbocyanine jodide (dis-C,~(5)) was purcnased from Molecular Probes, Inc.,
Junction City, OR, USA and va;inomycin from Calbiochem, San Diego, CA. 86Rb
and Bolton Hunter reagent were purchiased from Amersham Radf{ochemicals.
Phosphatidyl choline, phosphatidyl serine, phosphatidyl inositél and choles=~
terol, analytically pure were purchased from Sigma, St. Louis. Melittin,
elecirophoretically pure was pur:haéed from Makor éhemicals, Jerusalem, Israel.
Polyoxyethylene lauryl ether (BRiJ35) and disuccinimidyl suberimidate were
odtained from Piercz Chemical Co., Rockfard, IL.. Cytotoxins devcid of phos-
pholipases A2 activity were purified from cobrawvenom and scorpion venom {18).
All other chemicals were of analytical grade.

cxic secretion. The toxis secretion of the Red Sea Moses sole

1

Pardacnirus marmoratus (Pisces, Soleidae) was obtained according to the method

e e

described by Clark and Chao (1) and stored in a lyopnilized form

Purificaiicn of Pardaxins

Cel filtration. 0.4 gr of water extrac:t of th

anslied onoa column of 3 x 50 cm filled with Seonadex $-25 superfine, eluted b




0.1 M ammonium acetate pH 5.0 buffer at a flow rate of 400 ml/hr and fractions

of 150 drdps/tube were collected. 200 mg of the toxic fraction obtained was
applied on a_coluhn of 2.5 x 100 cm filled with Sephadex G-100, quilibratgd
and eluted with 0.1 M ammonium aéetate bu:fér, pH 5.0 at a flow réte of 30
ml/hr aqd fractions of 150 drops per tube were collected. Estimatién of.the
molecular weight of pardaxins,'derived from QAE—Sephadex, was performed on
Sephadex G-75 (V=130 ml; V=45 ml) using 1.0 M ammonium acetate buffer, pH 6.5
at a flow rate of 50 ml/hr and fractions of 6.5 ml/tube were collected. The
peak elution volume of each markér and ioxin waslmeasured accordiﬁg to the
absorbance at 280 nm. Tie column was‘calibpated wfth Pharmacia low molecular
weight, gel filtratioﬂ calibra;ion kit. T7he moleszular weight wére detera;ned
by interpolation of the linear plot of log M, versus Re. All purification
procedures were ca?ried out at room temperature.

Ion exchange chromatocrashy. Pardaxin obtained from Sephadex G=100 cnro=

matography was further purtfieﬁ on a cclumn of QAE-Sephadex (1.5 x 20 cm)
equjlibratgd with 0.05 M ammonium acétate. pH 6;7. Two active fractions were
obtained by step-wise [ncreases of elution buffer molarity up to 2.0 M.. After
removal of the salts by dialysis, the toxic fractions were lyopﬁilized.

Chromatofocusing. The two pardaxins isolated bv the QAE-Sephadex were

purified by two stepé of colgmn chromatofocusing. Columns (1.5 x 20
cm) cﬁarged with PB=~0U4 gel were equilibrated with 0.025 M immidazole buffer,
pH 7.3 and eluted with polybuffer 74 (0.0093 mmole/pH unit/hl) pH 3.3. The
gels were subseqhently eluted by ' M ammonium ac:tate, pH 5.8 and 6 N guani-
dine-HCl, pH 7.5. 3Jamples of caiis second ;uoe were tested'for flsh‘lethality{
cytotoxicity and pore formation activity, using the respeciive buffers as con-
trols. The toxic peaks were pooled, dialyzed from the ampholytes extensivel

and desalted on a column (3 ¢cx SO cm} of Jephadex C-'0 ¢» hydroxylapatite. In
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the present study, for sequence analysis we have used pardaxin I (PXI) and

pardaxin II (PXII) at this stage of purification.’

Reverse~phage HPLC. Pardaxins I and II derived from chromatofocusing were

eluted from LKB ultropac qolumn (Spherisofb 0DS 2, 3 um) with a linear gradient
from 25% acetonitrile to 85% acetonitrile in 1% trifluoroacetic acid, for 30
Gin. -Peaks were monitored by 226 nm absorption; The collected polypeptide
peaks wvere lyocphilized and submitted for‘biological assays, gel electrophoresis
and amino acid analysis.

Hvdrophobic chromatosrachy. Was carried out as previcusly descridd (9).

The pardaxiﬁé were loaded on a Phenyl-Sepharose CL-4B coluan, (1.5 x 12 cm)
pre-eguilibrated wi:h 2.0 M ammonium acetate buffer, pH 6.7. The column was
eluted with a step-wise decrease of ammonium acetate molarity to 0.05 M, fol-
lowed by a step-wise increase ;o 6 N guanidine HCl in the 0.05 M ammonium ace-

tate elution buffer. & flow rate of 50 ml/hr was employed and fracticonsg ot T3

drops/tube were collected. After removal of salts by dialysis the fractions

were tested for biological activities.

Amino acid analvsis

S50 ug duplicate samples of PXI and PXII, from reverse phase HPLC, were

dissolved in 0.4 ml of 6 N HCl and hydrolyzed fcr 24 hr and 48 nr at 11C°C in

"vacuum sealed ampules. The amino acid composition was d=termined on an auto-

matic Dionex 500 or 3Beckman Model 121M amino acid analyzer. Corrections for

losses of lablile amino acids were routinely made.
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romatofocusing derived pardaxins were ana

degradation in a Beckman sequencer 840 C, he degradation was essentially that

4,3}

i3

described by Hunwappiller and Hood {10) using .25 M Quadrol, 3% pnenyliso-

thiocyanate with single cleavage. Conversion of the phenyltniazo derivatives

'




- was achieved with 1 N HC1l for 10 min at 80°C. The phenylthiohydantoin (PTH)

derivatives were identified by high pressure liquid chromatography on a Spectra
Physics 8000 instrument equipped with Zorbax ODS 5 micron (250 x 4.6 ‘mm) cgl-
umn; a flow-rate of 1.2 ml/min was used fcr the moblle phase which consisted of
an increasing gradient of methanol from 15% to 43% in 0.1 M sodium acetate
buffer, pH 4.5, followed by an isocratic elution stép (10 min) of 43% methanol
and finally a step of 90% methanol (11). Finally, the PTH-aminé derivatives
were back hydrolized wiil hydriodic acid'HY% at 130°C for '19 hr in vacuum |

ﬁ sealed tubes (12) followéd by amino acid analysis on a'Dionex_SOO instrumenﬁ.

Sialic acid analysis

Sialic acid was determined by a slight modification. of tﬁe.procedure of

Hahna, et al. (13).

Carbohydrate analysis

The carbohydrate content of secreticn and toxins was determined using the

phenol sulfuric acid reaction described by lubeis, et al. (14).

Sterol isolation and derivatization

| ' Four hundred mg of P, marmoratus secretion and samples of 30 mg of PXI and

PXII after chromatofocusing were suspended in 0.1 M ammonia and diluted with 10
voilumes I acetone, The precipltate was removed by centrirugation‘(1c.000 g).
The acetocne supernatant was partitioned between ethyl acetate and water as
recently described (8). After evaporation of the ethyl acetate the residue was
exanined for toxicity and pore formation activity. Ethyl acecaCe.extrac:s were
subnitted for methanolys,s in 5% HZLl in methanol, for 6 hours at 55°C.

Mass snpecirometry

Samples of ethyl acetate extract, obtained from 30 mg protein of the toxic

secretion and the purified toxins, after a2cid methanolysis were subjected L0

{11

lectiren Impact mass specira (70 eV) were regorcec

mass spzetral analvsis.,




with a Varian MAT 731 mass spectrometer. Source temperature was in the range

of 250 to 300°C and probe temperature was 50-250°C according to the volatility
of the sample.

Polyacrylamide éel electrophoresis.

‘Slab, SDS pélyacrylamide gel electrophobesis was carried out accbfding to
Laemmli (15). Lyophilized pardaxins samples were dissolved in sample buffer
(10% glycerol, 5% SDS, 1 mM dithiothreitol 5% B-mercaptoéthancl in 0.025 M
Tris-HCl, pH 6.8) and immediately boiled for 30-60 minutes. Discontinuous SDS
gel elec:rophorésis in the presence of urea was performéd using the experimen-—:
£allcoﬁditions described by Andérson et gl. (16). Proteiné were fixed for 4 hr
in b80% methaﬁol, 102 aégtic aeid, 1% tricnlorcacstic.acid and stained with
silver stain using the Bio Rad kit.

Crosslinking of Pardaxin I

Chemical crosslinking of pardaxin I dissolved in water, butanol or differ-
ent detergents was carried out with disuccinimidyl suberimidate (DSS) according
to Pilch and Czech (U6). 50 ug of Pardaxin I were 1ncﬁbated with 1'mg/ml DSS
(diluted in dimethyl sulfoxide) for 10 hr at»foom temperature. The reaction

was stopped by adding 1/2 volume of twice concentrated Sample buffer and heat~

ing the samples for 30 min at 100°C. 50 ul aliquots of each sample were ana-

lyzed by SDS-gel 2lectrophoresis.

The protein content was determined according to its adbsorbance at 280 nm
and according to Lowry, et al. (17) using bovine serum albumin as standard.

kssay of fish toxicity

Was determined as previously described (3) using Cambuzia zffinis 1-2 3r

_body wWeight.




Hemolytic activity

The hemolytic activity was determined in a suspension of washed human
erythrocytes according to Primor and Zlotkin (3). One unit of hemolytic activ-
ity (HUSO) corresponds to the amount of compound {(ug Lowry proteini producing
50% of the hemolysis induced by distilled water towards 5 x 106 cells/ml.

Cytotoxic activity

Exclusion method. The cytotoxicity was determined on a suspension of

lymphoma malignant cells by the trypan blue exciusion method as desecribed (18).
One cytotoxic unit corresponded to the amount of test substance (pg Lowry
protein/2 x 106 ce11 suspension/ml) which is cytotoxic to 50% of the cells

following 4 hr incubation.

Slcr release assav. Human erythroblastold cells were preloaded with

Na251CrOu (New Englﬁnd‘Nuclear,Bostun, Mass.). All assays were carried out in
triplicate in conical wells of microtiter plates in a ﬁotal volume of 0.2 ml of
0.25 M sucrose in 0.02 M Tris containing 10% fetal bovine serum, 1 mM MgClz, DH
7.4, Each well received 1 x 10° cells and the toxins were ‘added at the appro-
priate concentrations. The microtiter plates were incubated for 1 hr at 37° in
a humidi’ied, 5% Coz incubator. To terminate the assay, plates were centri-
fuged for 5 min at 500 g and 100 ul of supernatant was removed from each well

for gamma counting. Lysis inlall experiments was calculated according to the

following formula: exver menta’ com - control com x 100
maximum cpm = control cpm

The maximum release is calculated by adding 0.5% Triton X~100 to an ali-
quot of cells. Control release is dsfined as the spontaneous cpm released from

the cells incubated with medium alone. This value usuilly doesn't exceed 5-10%

of maximum release.
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‘Liposomes. Unilamellar vesicles were prepared by the octyl glucoside

dialysis method of Mimms, et al. (22) and furtler detailed in Loew, et al. (7).
This results in a stock suspension of large unilamellar vesicles in a buffer

containing 50 mM K50y, 0.5 mM EDTZ and 10 mM HEPES titrated to pH 7.2. Na'
and choline buffers are identiczl except thaglNazsou or choline sulfate re-
placed K,50y. Thése liposomes are subjected to phosphate analysis, internal
volume determination, and electron microscopy in order to derive the coﬁcentra—
tion of liposomes and their size distribution. - For isotope uptake experihents.
multilamellar iiposomes were prepared as described by Ga{ty. et al. (21). ‘HO
mg acetoné ext?acted soybean lecithin were suspended in 1'51 buffer containing‘
25 mﬂ immid;zole pH f.o, 5 mM EDTA and 150 =aM KC1. The,suspeﬁsion was vortexed
for 10 ain and sonicated in a bath ;onicator until‘it became transiucent.

Pore formation assavs

Diffusion motential. A valinomycin mediated diffusion potential was
produced across the memdrane of K* coniaining liposomes which have been diluted
into K* free buffers and monitored by the fluorescencs of the voltage sensitive
dye 3—3-diethyithioqicarbocyaniﬁe iodide. The fluorometric detecticn of thel
pore mediétéd collapse of the liposome diffusion poten:ialrwaé measured‘asl
previously described (7,19).

Rubidium assay. The assay was performed essentially as described (21)

with slight modiflicaticns. 200 yl of multilamellar liposomes mixture were
passed through a ' ml Dowex-50 column, eluted with 150 mM Tris Cl, 25 mM
immidazole (pH 7.0) and 5 mM EDTA. This step exchanges the external KCl wicth

Tris~HC1l without changing the tctal volume, The eluted vesicles were diluted

-3
<
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3

two-fold in tre same elutio: to whnich gramicidin or pardaxin had been

added. Tne assay was initiated later at rcem temperature by adding 5 uli 803y

at different %“imes in crder to separate the liposcmes from the medium, 100 ul




aliquotes were applied on Nowex (0.8 x 5 cm volumns) eluted with 1.5 ml of 175

mM ice-~cold sucrose (21). The amount of 86p,, trapped within the vesicles was

measuc2d by a scintillation counter. The 55vacontent is expressed as a frac-

tion of initial total radicactivity in the vesicle reaction medium (mean of two

duplicate experiments).

Radiolabel'ing of pardaxin I

Pardaxin I, obtained f~om chromatofocusing, was ilodinated by tﬁg Bol:on-r ,
Hunter method (23) at pH 8.0 usiné 0.1 M phosphate~salinelbufrer, for 1 hr at
4oC, The reaction was stcoped with 0.3 M giycine buffer, pH 8.0. Iodinated
toxin'was separated from uareacted reagents by'gél filtration on 15 ml columns
of Sephadex G-25 and eluted with 0.1 M phosphate-sallﬁe tuffer containing 0.3%
gelatin or ovalbumin. At the above pH, a speciric activity of about 0.5 mCi/mg
toxin was obtained. The eluted toxin was preserved at -20°C in phospnate~
.Saline buffer, phi 7.4 and used ii assavs within 14 da}s following lodination.
Every iodinated batch of toxin was tested for pore formation activity, and

analyzed by SDS=-polyacrylamide gel electrophoresis and chromatofocusing.

Binding assay

Liposomes made from different phospholipid compositions were”prepare& from

soybean and pure synthetic phospho’ ipids mixed at different ratios, using the

.sonicate~freeze thaw-sonicate method (20). The lipcsomes were isolated by gel

filtration through a Sepnarose CL-UB column (S0 ml) eluted .ith saline‘phos~
phate buffer. 5 ul liposomes (0.05 mé lipid) were incubated for 30 min at room
temperature with 0.7 x 106 cpm 12571 apeled vardaxin I in 0.2 ml saline phos-
phate buf{er, pH 7.4 containing C.1% ovalbumin. The incubation was terminated
by addition of 0.8 ml cold buffer, the mixtures applled to Separate Sepharose
CL=-48 columns (10 ml gel) at a flow rate of 8 ml/hr and fracticns of 0.2

ml/tube were collected., The racdicactivity of each elution tube was counted.
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Total radicactivity ssoociated with the liposomal peak was measured and calcu=-

lated as a percentage of total radioactive

Electron microsraphs of liposomes

A diluted sahple of unilamellar liposomes was deposited on electiron micro=

scope grids coated with polyviny! formal

1% uranyl acetate in water for 1 min. After drawing off the stainiag solution,

the grid was allowed to dry at room temner

a Philips EM-410 electron microscove at different magaifications (30-150 X) and

vyplcal liposomal {lelds were photagraphed,

Purifization of two parZarins

toxin suhmitt:d for the assay.

lution, and negatively stained with

ture, The grids were exanined with

Sgparation of fish secretion on Sephadex C-100 gel chromatography (Fig.

1B) preceeded by a cdesalting step by chromatogrsat v on Sephades G=25 (Flg. 14)

resulted {n fractionation of several components o different molecular welght,

Fraction 1I (PX represents 80% of secretion proteins) is the main toxic and

hemolytic fraction {(adbout 89% of the original activies),
5

ographic procedures the coiiection of frackions was set at a

-y

{xed numbe~ of

drops per'tube. We nhave consistently noticpd a sizgnificant decrease {n the

volume of the collected active fractions.

chromatographic atens on the differant rest

-
i

i 3

o 2

ig effest was ohserved during all

ve {raction

P

5 (Fig., 1=4), The ac:

o |

X odbtalned from Sepnadax G100 (Flg, '9) kasz secaratesd By anion exchange

Tmresatagracsny into tws mafn toxis and hemhlytic componenta which we aznign

pardaxin I (PLI) and pardaxin I[I (PXII} (FLa. 2). Tascn nof the PXs obtained

-

T=Tenradex was further nur(fied

y

Frmom Q6

>
~
]

decrrasing ol gradient fram A5 %0 5.0

Yy two viers of onromatol

sulted in eluting Trom PXT of three

During these chromat-
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non-active components fBOi of PX1, QAE-Sephadex) (Fig. 3A). PXI at this stage
of purification is still partially contaminated by sterols. However, a re-
chromatcegraphy of this fractlén (PXI), arte} desalting, using a new chromato-
focusing volumn‘hnd a modification of the pH gradient (from 6.4 to 3.05 re-
sulted {n almost final purfrication of the PXI. The toxin is eluted at pH 4.0
(Fig. 3B), a pH which is near to its {soelectric point (data not given). At
this stage of purificatfon the toxin is coﬁpletely free of sterols (see next
paragraph). An identicaliéreparative chromatofocusing method has been used for
purification of PXII derived from QAE-Sephadex chromatography {Filg., 4). A
decreasing pH gradient of polybufrér from T.O'to 3.2 resulted in elution of two
non-active components (60%>ot PXII, QAE-Sephadex). PXII eluted at pH 3.7 (Flg.
44)., This toxin was also further puri{fied by rechromatography under the same
conalticns of pH gradient (Fig. u4B). Final separation of caromatafocused PXI
and PXII trom ccntaminating peptides'anc residual ampholytes ‘Fig. S5, [irst
peaks) has been achieved by reverse phase HPMLC, result.ng with & singls, aétive
component eluted with 45% aéetonl:rixe. {(PX-second peaks, Fig. 5). PXI and
PYXII represcnt 10% and 2% of rlsn‘Secretion proteins, possesslngv50-601 and %%
of flsh secretion cytotoxicity and pore formaltion ;ctivity, respeétively.

Chemical cha-jctaristics of PYXI ane PXxII

{

amdacnirus sesretion and the derived parcaxins, PXI and PXII, were tanin

-

for the presence of car;onydr::es, sfalic acias, lipids, and sterols aflter the
aporop-ate extraction progedure. Liplds, cardohvdrates and stalic acid ccuid
nct he detected (n 10 mg of PYI and I and atersls not (n 30 mg. The masa

2y ¢l wne exiract of antive fraction (70 ndtained frrm Sennadex G-1°
{viz, 1A) Incdicates presence of several atarnls tz, &, P¥Z) L the extent of

annut 2-5<% of the nratalin content, A typiral stesold {ndicative, metlialuar.

F < . ¢ ? - -
peaw, for tne transition 398 m/e = 1% THLG) . 200 m/e was detecled,  Stereld



~15-

aminoglycosides were found and charactgrized in the secretion of P. gavénicus
and P. marmﬁratus (8,25). However, mass fragmentation spectra of extracts of
pardaxins I and II do.not show the presence of such sterols in 30 mg samples ’
(Fig. 6, PXI and PXII). The Secrezibn was found to contain about 0.08 mg
galactose equivalents andln.oz mg siallic acid, but no lipids, per 10 mg of
secretion protein. Slalic acid could not de detected in 10 mg samples or‘PXI
or PXII. Mass spéctrp of PXII do indicate the presence of some carbohydrate
components (Fig. 5).

According to the amino acid composition (Table II), pardaxins I and II are
composed of 35 and 31 amino'acids, respectively, Both toxins are devoid of
tybosine. arginine and :ryptophaﬁ, and rich {n aspaftic serine, glycine,
glutamic and alanine., A clear‘similarity in amino acid composition is observed .
betweer pardaxins I and II and the protecus Pi1-3 toxins (Tadble II) recently
isolated from another species ~f Pa=4ackirus scle (85)., The amino tersinail
sequence of pafdaxins 1; presented in Tsdle III." The major method of identifi-
cation of the PTH~derivatives was high pressure'liquid chromatography and {t
. was confirmed by back hydrolys;s and amino acid analysi{s, Both toxins have
viden:ical N-termini: NHZ-Gly—Phe-Phe (Table IIIl;, comprising mainly hydropho=~
bie residues. Tre mincr heterogenstty of pardaxins MN-terminal (Table III)
could refllect alther a variébill:y of the amino terminal sequence or most
prodbabdbly, the pfesenée of minor peptidms that co-purily with the toxins during
the process of i{sslation from the flsh secretion (Fig. 5, first peaxk).

Melecular walicnt and homocenmaity of sardax:ns

Using a disconcinuous 303 polyacrylamide slab gel electiropnoresis systiem
(16) molecular weight values of 2.9-3,5 D ware ontalned for PXI (Fig. TA) and

PYIT (cata nat snown). Howevar using Laemmll metnoad (18) higher molecular




welght values of 3.5~-4.3 kD were obtained for both toxins (Fig. 5 and 7B) most

probably reflecting some abnormal SDS-pardaiins interactions (16). Difficul-
ties in assigning precise molecular weight by elect;opﬁoresis of pardaxins
after chromatofocusing or HPLC separations were found io be due to a'process of
aggreéac1on. Pardaxine aggregat;s were not separated by 10 min boiling and
proSably represent an {ntrinsic, salient property of water soluble pardaxins,
e.g., storage at 4°C longer than 2 hr led to aggregates (data not shown),
However when pardaxiﬁ.I and II were transfered directly from the lyophilized
.pqwder to the sample buffer and bdolled for 30 min ine above 3.5 kD molecular
ueiéht values were measured (Fig. 7). Crosslinking of pardaxin I in cthe pres-"
ence of sodium cholate was carried out with the bifunctlonal reagent disuc-
cinimid}l suberate, Upon SDS gel electrophoresis, pardaxins olygomers were
ooserveq (Fig. 7-36), representing multiples of 3.0~3.5 kD m&lecular weight
Jniv. Ihn'mlnimal colecular weight »f pardaxlns I and II given by amino acid
analyses (Table II) are 392% and 3459 for PXI and ?XI:, respectively.

The chromatographic mobiii:ies on Sephadex G~-75 gel flltration of PXI and
PXII fractions from QAE-Sephadex (Fig. 2) indicate a molecular weight of about
15 kD (Fig. B). Analytical ultracentrifugation in the same buffer (1 M ammo-
nium acetate) resu.ted with maximal molecular weight of 15 kD and 16 kD for PXI
and PXII, respectively (data not shown). Most probably these values represent
a tetramer aggregate. These findings suggect that pardaxid monomers (-3,5 kD)
selfl aggfegates {n aqueous tuflers and interact with detergent micelles, probda-
bly to yleld stable, compact conflgurations. This possit'‘lity deserves further
investiga;ion.

Pdardaxins homogeneity {, indicatod by:‘1) tne symmetry of the HPLC peaks
(Fig. S); 9) single bands upon SDJ gel electirophoresis (Fig. 5 and 7: A=),
£~5,7); ¢) high nomogeneity - tne li-termfral (cata not shawn); d) the symmelry

of the ¢iffusion peaks upon analytical ultracentrtfugation (data not shown).
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Hydrophobic characteristics of pardaxins

The nigh hydrophobicity of these toxins is indicated by several independ-
ent'metnods; {(a) Preserce of pardaxins in aqueous soiution resulted in a
significant decrease of the soclution drop volume (Fig. 1-4,9); (b) Behavior of
pardaxins on Pﬁenyl-Sepharose nydrophobic chromatography (Fig. §). Only 6M
guanidine HC1l could elute the toxins from the resin. 1In addition.ithe larger
elution volume required for PXI and its lower recovery from the column, suggest
that PXI may be more hydrophobic than PYXII. (c) As calculated from the amino
acid analyses (Table II), PXI and PXII contains an average hydrophobicity of
51.5% and 54.8%, respectively indicating a higher proportion of hydrophobic
anino acid residues over hydrophilie in these toxins. (d)FThe NHZ—terminal of
bardaxins (Table III) represent a compact hydrophobic segment composed of nine
hydrophobic amino acid Eesidues. Comparing the N-terminal amino acid sequence
of PXI derived from chromatofocusing with the sequence of pardaxin derived froa
Sephadex C-100 previously reported (Table 11X}, subs:aﬁtial agreement is noted
but a discrgpancy exist at resicue 8. The partial blockage of PXII terminal

starting at step 3 (Table III) and the presence of cardohydrate residues in the

extract of this toxin as indicated by mass fragmentation spectra (Fig. 6) is an

indication of some type of association between this proteous toxin and carbdohy-

drate-like components, reminiscent of the purification process.

Radioactive labeling of PXI and binding to liocsomes

The 3Soltoen-Hunter reagent (23) was employed for lodination of PXI. In
order Lo deternmine optimal concditions, the toxiq was ladbeled at different pHs.
Tne maximum specific radiocactivity was obtained at pH 3.0 resulting in 0.5
mCi/mg proteinﬁ The rzdiolabeled toxin was checked for pore formation activity
in lipnsomes and was found to preserve all of its activity compared to the

native PXI (fig. 11). Iodinated toxin shows a single protein peak on Sepharose




CL-4B (Flg. 10) gel chromatography. Chromatofocusing of fodinated toxin under

identical conditions describeq for the native toxin resulted {n a main peak
(90% of radioaccivity) eluted at pH 3.8. Figure 10 shows a typical elution
profile from Sepharose CL-4B coiumn of 1251-1abeled PXI and liposomes. , The
degree of toxin binding was notlsigniricantly dependent an the lipid composi-
tion; the following lipids were surYeyed: {a) phosphatidylcholine; (b) phoSpha‘
tidylcholiqé-phosphatidyl1nositol (10:1); (e) phosph;tidylcholine-phosphatidyl-
seripev(10:1): (d) phosphatidylcholine-cholesterol (4:1}; () soybean phospho;
lipid. For all of them a binding ratio of about 3 x 10% moles lipids per 1

mole PXI, was estimated.

Fluorometic analysis o pore formation in unilamellar liposomes by pardaxins
A'valinomycin mediated diffusion potential i3 produced acroSs the membrane
of x* containing liposomes (which have been diluted into X' free buffer) and
monitored by the fluorescence of a voltage-sensitive dye {7,19). As indicated
in Fig. 11, additiqn of 7.5 x 10712 M gramicidin into the cuvete, causes an
immediate collapse of the membrane potential on a rractioﬁ of the liposome

population as expressed by the recorded rezovery in fluorescence, (A subse=-

.quent slow reduction in fluorescence is often observed and reflects, we be~

lieve, reabsorption of released dye into the large pool or‘vesicles which are
st1ll polarized.) PXI at a concentration 5 x 10710 y produced a sinilar rlﬁo~
rescence recovery., PXII eiicited a sinmilar effect at ten-fold hiéher concen=
trations (F{g. 11). These effects are comparable with those of gbamicidin with
raspect Lo the rate of lluorescence recovery, as well. Pardaxins show an
effect of par:ial_recovéry indicating that their action {s not mediated by

detergent lysis of the liposomes but through a pore. The same behavior was

‘oposerved In socium, choline ard sucrose solutions, indicating a .non-selective

pore. The pore forming acriivity as z funcllon of toxin concentration was
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measured for several cytolysins. The molar concentration of pore can be esti-

mated by using.gramicidin as a atandard or directly from the product of the
fractional fluorescence recovery and the liposome concentration (7). Both
metnods give compérable results and allow the estimation of pore forming activ-
ity listed in Table V. For PXI it has been shown (7) that the concentration

dependence of the pore forming activity can be treated via Poisscn statistics

“and fits a model {n which the pore is composed of belween 4 and 12 monomers.

‘Comparing these effective doses it is evident that PXI posses the highest
specific pore formation activity. Electron microscope examination of uni-
lamellar liposomes incubated for 30 min with PXI or PXII at 1079 = 10710 M do
not reveal any‘significant lysis, swelling or other morphological changes.
However, at about 10”7 M an extenéive lysis of the large and disruption or
aggregation of the small libosomes were obsefved (Fig. 12). -

asﬁb flux through gramicidin and PXI inducea pores in multilamellar liposomeé

The experiments were performed using the method of Garty, et al. (21),
which allows defection of ion selective pores in liposomes by measuring uptake
of the radiocactive ion against a large chemical gradient of the same unlabeled
ion. Under our experimental conditions, as a consequence of K gradient an

electrical diffusion potential is spontaneously formed, the magnitude being

~determined by the relatlve permeabiiities of K, C1 and Tris through the lipo-

somal memdrane. Only in those vesicles containing pardaxin pores, is the K*
permeahility greater than Cl and Tris permeabilities, thus resulting in thé_
formation of a X* diffusion potential, 8633 added will tend to equilibrate
#ith the membrane potential, therefcre accumulating selectively into the
vesicles can:éining the pardaxin pores., Talle IV shows the time course of séﬁb
uptake into snoybean shospholipid rultilamellar lipossomes containing 150 mM KCl
in the presence and adsence bf gramicldin and PXI and a large potassiunm gﬁadi-

ent. Gramicidin at 10-7 M within 1 min of incubation produced 15.4% of 86RY




uptake. PXI (10’-7 M) however at 1 min had no measurable effect. Nevertheless,

it produced 5.5% of 86y uptake after 30 min incubation (Table IV). Comparing
to gramicidin, under identizal conditions, PXI show a slow time course of 86Rb
uptake. It is posasible that this slow uptake is ; reflection of the organiza-
tion process of pardaxin Ilmolecules to form an active channel or 1is the‘result
6f some complex behaviour of the channel resulting with both conductance of

86Rb and diésipation of the gradient."However, in thé absence of a K gradient

or toxins the uptake of 8€Rb was found insignificant.

The cvtotoxic effect of pardaxin

The dose response curves of cy;otoxic effects of PXI and PXII on mouse
lyﬁphoma cells, as determined by thev;rypan ﬁlue exclusion Qethod are ﬁresented
in Fig. 13. PXI (CUgq: 1.3 x 10"'6 M) was found to be about five times more
;ytotoxic than PXII (CUgg: 6.5 x 1078wy, A similar ratio was found on human
erytnroblastoid cells, using the Ster release assay (PXI-CQSO: 0.7 x 10—9 M);
?XII-CU5O: 0.5 x 1078 M). The cytétoxic and pore forming effect of PXs and
other venom cytolysins were compared on human red blood cells and mouse lympho—

ma (Table V).' Melittin displays the highest cytotoxic activity but produces

S00 times less pores than PXI (Table V). These data suggest that cytotoxicity

“1s not necessarily directly associzated with membrane pore formation.

- Discussion

In tha present study we develoned a new chromatographic procedure for the
purifization of the proteaceous, cytolytic and pore fecrming factors named

-

pardaxin I anc pardaxin II (rom tne gland secretion of the Moses sole P.

marmoratus. © Pardaxin I wWas found %o b2 compietely free of steroid anmino-

3

glycosides presant in the Moses sole secretion and which co2lutes with the

v
!
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protecus toxins during the different chromatographic steps. The chromato-

fceusing procedure empioyed for toxin purirication‘resulted in the complete

resolution of these two types of comporients. The reverse phase HPLC

'
' ot

purification stép efficiently separate the -tight interaction between pardaxins

and residual ampholytes and peptide contaminants. Our results offer conclusive

evidence that both PXI and PXII retain significant biological activity in the

. absence of the non-proteous éomponents of the secretion. Pardaxins are acidic

ampnipathic polypeptides composed of 34-3% amino acids. Their amino acid
composition indicates about 1:1 ratio between apblar—nydrophobic and

polar-hydrophilic residues (Table II) and their N-terminal sequence show the

presence of an exceptionally high hydrophobic segment, properties found in

membrane and surface proteins (37).

 Pardaxins I and II spontaneously zggregate in aqueocus bﬁfrers and upon
erosslinking in water or detergents. Different types of oligomeric forms vere
formed (Fig. 7 and unpublished experiments) resembling bee venom meliftin (47).
Although we don't know what causes the appearances of these agrregates it may
be possible that its related to pardaxins strubtu}e or to the removal of the‘
above sterol components during chromatography. It may be that the above tdxic
proteins and sterols are associated in the Moses sole secretion in a surfactant
complex pro@oting its stability in an agueous mediunm in énalogy to the struc~-
tural organization ¢f serum lipoprotein complexes (385 or lung surfactant
lipid-protein complexes (29). ‘fhis nypotheses deserve an examination using

reconstitution experiments with the purified pardaxins and the isolated or

Previous studiss have shown tha: the Pardachirus secretion contains fac-

(&)

tor(s) capeble of increasing the electrical coanductance In lipid bilayers and

mechanism of channel formation was suggested (5)., We prepared radioladbelec PXI




to assess its binding to liposomes. We also utilized two ;iposomal systems to

detect the pore adtivity of PXI and PXII. The recovery of the valinomycin-

induced decrease gf fluorescence produced by these toxins provides a sensitive

assay (10710 M - 10

radiolabeled PXI.

min. This effect)

-9 M) which was also used to assess the pore activity of the
The pore activity of PXI and PXII was expressed within 1

however, was observed in thre presence and the absence of

Na*, souz‘ and sucrose indicating lack of specificity in transporting these

solutes (Fig. 10).

In contrast, usihg the pore activity asszy based on the

differential trandgport to C1~ and Rb+; pore activity of a substance could only

be detected if it |is characterized by a non-equal perameability to anions and

cations (21). The

the medium. Here,

accumulation of 86Rb in liposomes treated with PXI could be

‘acnieved only if more K™ than Cl~ ions were transported from the liposomes to

PXI activity is characterized by a long time-course of about

10-15 min. We do [not know the biological significance of a fast-nonspecific

and slcw=cation specific pores. But it may be a result of the ruch greater

sensitivity of the

fluorescence assay. In a planar bilayer, it was shown

previously that the pore activity of the compound(s) present in the secretion

occurred only when

the potentizl is made positive with respect to‘the trans

side of the membréne (6). It is, therefore, also tempting to attribute the

fast formation of[pore activity to the potential difference induced by

valinomycin. It is possible that potential effect is to align pardaxin I
|

I .
mononers in the mémbrane so that aggregation is facilitated or alternatively to

|

promote their insertion into the membrane which most probably occurs spontane-

ously Que to the Interaction with hvdropnobic sequence segments, like the

NHy-terminal. In both tested liposomal svstems, PXI and PXII differ from

gramicidin wnich ¢

mum effect within |1

1

learly transportis more cations over anions and reaches maxi-

min (Fig. 14 and Taole IV). Contrary to lipid perturba-~

tion, pardaxin I pore formation in both liposomes and bilayers (6) fulfills




several criteria: a)the depolarization or the conductance (6) reached steady

state upon each addition of toxin (Fig. 14); b) both unilimellar liposcme
depoiarization (Figure 1% and Ref., 7) and black lipid membrane conductance (6)
show concentration dependencies whiéh indicaté aggregation numbers'of 4-6
mohohers/pére, probably, forming a conductivity pathway.of a barrel stave type
(40). Although the‘structural Qetails of the pardaxin pore require further
elucidation, it is tempting.to correlate this aggregation Aumber with one of
the oligomeric forms of pardaxin I detected in aqi'eous solutions. The observa-
tion that small liposomes aggregate after pardaxin I treatment (Fig. 12) also
suggests some pardaxin media:ed vesicular fusion most probahbly by promoting
membrane contacé as expeéted from a phospholipid bindinglprbtein (41).

t appears that pardaxin I exert its éytotoxié ef:ects (Table 1) by at
least two mechanisms depending'on concentration and time of exposurz. At low
concentrations (<1077M) most provably it bermeabilizé_cell ﬁembrane to cations,
trigge?ing cell death by a pathway shared in common w;th a variety of other
cytolysins (42,48). At higher concentration (10~7 - 10™%) most probably
pardaxins act like othér typical sgrface pyoteins (83) or deiergents, causing
cell destruction by rapid diss~lution of cell membranes ;nté mixed micelles.
Although, it is quite conceivable that the same mechanism of pore formation
underlies pardaxin toxicity or repellancy to fish, we cannot exclude the
existance of specific receptors on the luminal (éxternal) side of the gills,
which have been found to be the target organ of Moses sole secreticn (44}, The
molecular mechanisms of pardaxin interacticn with artificial and biological
memoranes is under investigztion. Nevertheless, the present study shows'thé:
the polypeptide toxic principle component of the flat fish secretion(pardaxin
i) was éb:ained free of steroid aminoglycosides, display unique hydrophobic anf
ampnipathic propefties and nas the capabilivy of'binding tn liposomes with th=

formation of ion permeable pores.
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Legends to Figures

Fig. 1. Gel filtration column chromatography of P. marmoratus secretion
on Sephadex G-25 (A) and Sephadex G~100 (B). A: 0.% g of lyophilized secre-
tion was applied on 3 x 50 ¢m column. B: 0.2 g of tne active material obtalned
from Sephadex (-25 was applied on 2.5 x 100 cm column. Elutfon buffer consists
of ammonium acetate 0.1 M, pH 5.0. The absorbance was monitored at 280 nm
(--=). The elution was carried out at a ~onstant rate of 400 ml/h for Sephadex
(~25 and 30 ml/h for Sephadex G-100 and the collection of the eluant was set
for 150 drops per tube, The broken line represents the volume of the collected
elution buffer per tude, The double headed arrow indicates the location 6f
toxic activity.

iz, 2. Colu@n chromatography of the active {raction on QAE-Sephadex,
0.04 g of the active fraction obzained from Sephadex G-100 (double arrow area
in Flg. 1A) were applied on 1.5 x 60 cm column equilibrated with ammonium
acetate 0.05 M pH 6.7. Elution was carried out with increased concentrations
of eguilidbration buffer at 50 ml/h and 150 drops per tube. The absordance was
monitored at 280 nm (8-9). The broken line represents the volume of the col-
lected elution buffer per tube. The double arrow indicates the location of
activity of toxicity in fish and cytotoxicity.

Fig., 3. Purification of PXI on‘chromatofécusing chromatography. A: 0,150
g of the [irst active fraction (PXI) obtained from QAE-Sephadex (Fig. 2) were
applied on a column (1.5 x 15 cm) of P8E£-44 cnromal fccuslné gel egullibrated
witn immiZazole buffer 0.025 M, pH £.4, B: 0.05 g of the PXI ohtained from
Fiz., 34 were further rochromatogzrannaed, The elution wag firzt carcled outl
using polybullfer 74 (0.0072) mmnle/pH unit per ml) pH 5.0 {for A) and pH 3.3
{for 3Y, then the elytisn continued in the preaence of ammaniun acatate {1 M,
o H.%) and gvahxdfne (54, pH T.8Y, at 4n mi/h. " The collecticn of the eluans

wis s3at for 117 drass sep tybe and 110 ¢rops per tube Tor & and ¢,




mammamacye raaretion (PMC), PXI, angd PYII., C.C3 g of each suytstane

respectively. The absorbance was monitored at 280 nM (#-8), the pH (A--4) and

the volume (0-0) was measured in each tube., The double arrow indicates the
collected active fraction.

Fig, &. Purification of PXII by chromatofocusing chrématography. A:
0.015 g of the second active fraction (PXII) obtained from QAE-Sephadex (Fig.
2) was ;pplled on a column (1.5 x 15 cm) of ?BE-9H chromatofocusing gel equili-
brated witn immicazole buffer 0.025 M, P 7.3. B: 0.5 g of the PXII obtained
from Fig. YA were further rechromatographed. The elution was first carried out
using polybuffer 78& (0.0093) mmole/pH unit per ml) pH 3.3, then the elution
continued in the presence of ammonium aqetane (1 4, pH 6.8) and guanidine (6N,
pH 7.5), at 40 ml/h. Additional details as presented in the legends for Fig;
37 |

Fig. 5. Reverse phase H?Lc'rractionazion and SDS polyaérilamide gel
electrophoresis of pardaxins., Pardaxin I (A, 200 ug) and Pardaxin'II (B, 300
ug) derived from cnromaﬁorocusing (Fl;. 38 and u3) were eluted on Sﬁherisorb
ODS 2 {3 um) with %Zwo linear gradients of acetonitrile in 1% trifluorcacetlc
acid: a) from 15% (at zefc timé) to 25% (at 20 min); b) from 25% (at 20 min)
to 857 (at SO min),. Flow rats was 0.9 ni/min; temperaiure waé ambient., Compo-.
sitions for PXl and ?XII peaks are given in Tadle II. Riéht panels, S0S-gel
electrophoresis in 15% polyaérilaﬁide of HPLC fractions (10 ug) (from left to
right): flrsi line: first peak eluted at 2 min; seccnd 11ne:ishoulders of |
pardaxins, eluted a%t 29 nin: third line: paraéxins eluted ét'33 m%n: fourth
lina: aprotinin=narker (ar=ow, 6.5 kD).

Fip, £, Mass snentra of ethyl agcetate extractadble compounds of P,

PSP

-3 )

O
K

cre
syhmitted for methanolysis procedure, The star (*) indlicates trnat the poak is
out of scale, Note that PYI and PXII are devoid of peaks in the ranpe of m/2

300-410,



Fig. 7. Molecular weight determination of native and crosslinked pardaxin

1 by different conditlcns of sodium dodecyl sulfate polyacrilamide gel electro-
phoresis, Q- Discontinuous SDS polyacrylamide gel electrophoresis with 8 M
urea of pardaxin I (Fig. 54) (20 g, line fi and markers: aprotinin (6.5 kD,
line 2), lysozyme (14.3 kD, line 3) and Bio-Rad low molecular veigh£ standards
(l1ine 4), B~ Crosslinking of pardaxin I with disuécinlmidyl suberﬁte was
perforged as described under Experimental Procedu;es: native PXI in sodiuh
sodium cholate (line 5); crosslinked PXI in sodium cholate; native PXI in 10%
dimethyl sulfoxide (line 7); aprotinin (line 8); lysozyme (line Q) and Blo-Rad
low molecular weight stancards (line 10). Arrows indi{cate the moﬁility of
markers and numbers indicate molecular weight (kD).

Fig. &. Estimation of molecular weight of PXI and PXIi be gel filtration
on Sepnadex G-TS5. For details see Experiméntal Procedures.

Fig, 9, Hydrophoble chromatography of PYXI and.P:II on Phenyl‘Sepha}ose.
A: 0.03 g of the first active fraction (PXI) B: 0.025.0f the second active
fraction (PXII) obtained from QAE-Sephadex (Fig. 2) were applied on a column
(1.5 x 15 cm) of Phenyl-SephéroSe equilibrated with ammoniuh acetate (2 M; pH
6.7). The elution was initiated by dilution of the equilibracion duffer to 1.0
M and 0.05 M and by adding 6 M guanidine and was carried out at SO ml/h and the
eluant was collected at 70 drops per tube. The absorbance was mongtored at 280
nm (#-9) and the volume was measured in each tube (-——-~)}. Note that the
pardaxins ware eluted'only in the presence of 6 M guanidine and that PXII was
eluted before.PXI.

Fig. 10. <Chromatsgrapnhy cn Sepharose CL-43 of lodinated PXI, largg
unilamellar liposvmes and the incubation mixture of isdinated‘PXI with lipo-
somes, lodinateg PXI (D—O).‘liposones (?-3); 0.05 mg cf liposcmal liplds were
incudated with 0.2 ug of 18%1-px1 (5.7 ¢ 10 cpm) for 30 min at 20°C and tnen

suhmitted for chromatograpny {A=--ai).
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Fig. 11; Pore activity of PXI and PXII and gramicidin in large uni-
lamellar liposomes. PXI and PXII were obtained r?om.rechromatorocuéing chroma-
tography (Fig. 3C and Fig. 4B, respec;ively). The 4 traces are records from U
~ separate experiments., The first trace éhous a comglete experiment and displays
‘the partial recovery of fluoresccnce dueAto incorporation of gramicidin into é
small fraction of the vesicle population.  The next three traces were recorded
after the diffusion potential had already beeﬁ es:ﬁblished at a gain identical:
to that establlshed bdefore addihg grazicidin in thé first trace. Toxins are

introduce& to the cuvette at thelindica:ed arrows,

Fig., 12. Electron micrographs of negative stained liposomes treated with
P, marmoratus secretion, (PMZ) and PXI. 1:'A typical view of liposomal prepara-

tion, consists of large (b) and small (a) vesicles. '2: Liposomes (0.1 mg
lipid) were i{incubated with PXI (1 ug) and with 5 ug PMC (insert). Note that
PMC and PXI produced complete disappearance of large vesicles and aggregation
of small particles (stars), |

Fig. 13. The cytotoxic activity of P, marmoratus secretion (PMC), PXI and
PXII on mouse lymphoma éells. The reaction mixture contained 3 X 106 cells and
different doses of toxins. Follosing incubacion, the % of survival ceils was
determined by the trypan blue exclution method. Insert: A-control cellé.

Becells incubated with pardaxin I, 25 ug/ml.




TABLE I

Jectivities of Pardachirus marmoratus secretion and its derived toxin

Effects Tested system Dose range Reference
Lethality Fish 1076 -10-8 Primor et al (5,33)
Mice .ad rats 10 mg/Kg body - Primor & Lazaroviel (26)
weight
Pharmacological Inhib.tion cr acti- 10°5 - 1076 Primor (27)
vation of short
circuit current in
fish epithelia
Smooth muscle con=- 3 x 107 Primor (28)
traction in guinea
pig ileunm
"Leakage of urea and 1.5 x 1078 ‘Primor et al (29,35,44)
sodium from gills : ‘ : '
Enzymatic Activation of acethyl= 7 x 1072  Primor & Lazaroviei (26)
choline esterase
Inhibition of Na-K* 1078 Prizor et al (30)
ATPzse
Histopathology Red blood cells (human) 2 x 1076 Primor & Zlotkin (2)
Red blood cells (dcg) 2 x 1077 Primor & 'Lazarovici (26)
Virion distruction 1.5 1072 Pal et al (31,32)
Frog neuromuscular 5 x 10"6 Spira et al (34)
junction
Fish gill 6 x 1078 Primor et al (30)
Shark rectal gland 6 x 1072 Primor et al (29)
Permeab{l- Release of €-carhoxy 2 x 10’8 Zlotkin & Barenholtz (24)
ization of fluores-ein '
artificial ,
lipid mem- Electrical conductance 1078 - 10-10 Moran et al (6)
branes ' .
Depolarization of lipe- 7 x 10719 Leew et al (7)
somes :
Reduction of Drops of saline 10~8 ~ j1p0=b Moran et al (6)

surface tension
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TABLE 11
Amino acid composition of pardaxins I and II purified from

IR - AR oo

P. marmoratus secretion compared to P-toxins isolated from P. pavonicus

PXI and II

A atim Af

P. marmoratus (3

Amino acid PXI PXI
Asp h,22 (4) 3.79
. Thr' 1.23 (1) | 0.92
Ser 3.78 (4) 3.75
Glu 2.98.(3) 2.T
Pro 0.76 (1) 1.0
Q;y 6.33 (6) 4.23
Ala 2.82 (3) 2.83
Val 1.77 (é) 1.13
Ile 1.93 (2) 1.85
Leu 2.25 (2) 0.62
Tyr 0 0
Pﬁe 2.27 {(2) 1.80
His 0.95 (1)  0.9%
Lys 1.917 (2) 1.23
Arg 0.33 (0) 0.23
Trp o] l b
Cys 1.32 (2) 1.51
Met 0 1.19
Total Residues 35 31
Mclecular wéignt 3529 3188
Total'hydrophylic(3' 48.5% | us5,2%
Total }':ydr'ophobic(u 51.5% 5L4.8%

1

) .

(1)
(4)
(3)
(N
(4)
3
(1)
(2)
(1)

(0)

(2)

()

derived from HPLL (Fig. 5).
Calculated from Thompson et al. (45},
The sum of Asp, Glu, Lys, Pro, Ser, Thr (36).

AT~

MNore

MYl Wia

Tle

lL.en

P. pavonicus{D

P1

o

32

3284

Mot .

Phe .

P2
0

1

val (36),

P3
0




TABLE III

Determination of the amino acid sequence of the Nﬂzfterminal

of pardaxin I and pardaxin II

Pardaxin I Pardaxin II® Proposed sequence
' of Pardaxind

Cvcle Amino Amount 2 Yield® ig¥ Amino Amino

No. acid (nmol) : acid , acid

1 Gly 18.7 - A,B Gly' Gly

‘2 Phe 13.5 . 100 A,B Phe Phe

3 Phe - 10.7 79 A,B " Phe (Ile,Ala) Phe

) Ala 11.5 e2 A,B Phe - Ala

5 Leu 8.6 86 | 5,B Pro' ; Leu

6 Ile 5.1 79 B B Ile

T Pro 4.3 80 | B . —— Pro

8 Cly 13.7 . 99 B —— Lys

9 Ile NQ ——- 3 -— ‘ ile

10 flu NQ == B — Ile
a) Percent repetitive‘yield based on 50 namol of start}ng materlal,'calculéted from

b)

¢)

d)

eycle 2. Most probably, the amount of Gly in cycle 1 and 8 is'overestimated due
to its presenze in the sequenation buffers. NQ—N&: quantitated.

i.d.-Metnods of identification: A-High pressure liquid chromatography; B-Back
hydrolysis.

Residues were determined qualitatively, mzinly by back hydrolysis. Resigues in, 5
birackets correspond to the minor components; A non protecus compound was re-
lezsed from step 3 which is interfering with th2 ssquence determinacionvproduc-
iﬁg a yellow derivétive after the conversion step, soluble in etnyl acetate and
methanol,

Taken from Zlotkin and Barenholz [24),




TABLE IV

Bsﬁb uptake in liposomes In the presence of gramicidin and pardaxin 1(a)
’ ‘ ‘ - Time (Min)
Substance (M) 1 5 15 20
Gramicidin (1077) ' 15.40  13.30 _ 9.50 6.10
) Pardaxin I (107%) | | g 0.2 0.40  0.80 1.40
(10°T) 0.02 2.00 _ 3.00 5.50 ,
Céntrol | 0.02 0.05 0.20 C.40 1

a) The data (% of total radioactivity) represent mean of triplicate'experfments in

lwhich liposomes were diluted in Tri3°EDTA-immidazole buffer, pH 7.2 containing

the different codpounds. The uptake of control liposomes and the siandard

- errors don't exceed 92.5% of total radioactivity.




TABLE V

Cell toxicity and pore formation specific activities

of paradaxins, mellitin, cobra and scorpion cytotoxin(a)

‘ Cytotoxicity Pore forming‘\%/
Cytotuxin erythrocytes(g) 1ymphoma cells(c)' relative activity
Pardaxin I 40 50 ) 5.00
Pardaxin 11 2-8 5-10 0.60
Melittin us5 2000 0.01
Cobra 15 500 ' 0.0
Scorpion 30 5-10 0.07

a) For definitions of cytotoxic and pore formation units see "Experimentai Proce+

aures."
b) Number of hemolytic units per wmg protein, tested on washed human erythrocytes.
¢) Number of cytotoxic units per mg protein obtained with mouSe lymphoma cells.

d) Number of moles of pores multiplied by 10"0, per mg protein.
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